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It has become an accepted paradigm that humans have “prosocial
preferences” that lead to higher levels of cooperation than those
that would maximize their personal financial gain. However, the
existence of prosocial preferences has been inferred post hoc from
the results of economic games, rather than with direct experimen-
tal tests. Here, we test how behavior in a public-goods game is
influenced by knowledge of the consequences of actions for other
players. We found that (i) individuals cooperate at similar levels,
even when they are not informed that their behavior benefits
others; (ii) an increased awareness of how cooperation benefits
others leads to a reduction, rather than an increase, in the level of
cooperation; and (iii) cooperation can be either lower or higher than
expected, depending on experimental design. Overall, these results
contradict the suggested role of the prosocial preferences hypoth-
esis and show how the complexity of human behavior can lead to
misleading conclusions from controlled laboratory experiments.
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Economic experiments have shown that people cooperate at
levels higher than predicted if they were maximizing their

financial gain (1–6). For example, in public-goods games, which
are used as a model for collective-action problems, individuals
can contribute money to produce benefits that are shared by all
members of their group, including themselves. If an individual’s
share of the public benefit from his contribution is less than his
contribution, then any individual wishing to maximize his own
income should contribute zero. In contrast to this prediction,
most individuals do contribute something (typically around 40–
50%), and although contributions go down when play is re-
peated, groups continue to contribute 10–20% of their resources
to the public good (4, 7).
These results have led to the argument that human behavior

takes into account the welfare of others in a way that is perhaps
unique in the animal world and cannot be explained by standard
gene-based evolutionary theory (2–5, 8). Specifically, it is argued
that individuals have prosocial preferences that lead them to help
others, even when interacting with unrelated strangers, and when
there is no scope of repeated interactions (2–5, 8). However, the
existence of prosocial preferences has only been inferred post
hoc from the existing data, rather than tested for directly, by
varying among treatments the extent to which individuals can
discern the consequences of their behavior for others (9–15).
Here, we directly test the prosocial preferences hypothesis by

experimentally varying the information that individuals receive
about the consequences of their behavior for others. We used
a linear public-goods game, with groups of four players, in which
contributions to the public good were multiplied by 1.6 before
being shared out equally. This means that for each monetary
unit (MU) contributed a player received 0.4 units back (the
marginal per-capita return, MPCR), and so the strategy that
maximized the financial gain of individuals was to contribute
0 MU (0% cooperation) from their endowments of 40 MU (3).
We randomly determined group membership for each of 20
rounds to reduce the possibility for reciprocity while allowing
for learning (16).

We carried out three versions of this game. The only difference
between versions was the information that individuals received
about the consequences of their behavior. This information was
either standard, reduced, or increased (Table 1 and Fig. S1). In
our standard-information treatment we told participants the
payoff structure of the game and then, after each round of play,
how much the others in their group had contributed and their
own personal payoffs. This is the same level of information
provided in many previous studies (3). To provide reduced in-
formation, we used a “black-box” treatment, in which partic-
ipants were not even informed that they were playing with others
in a group. Specifically, we told participants that they could input
0–40 virtual “coins” into a virtual black box, which would return
a (nonnegative) output, determined by a mathematical function
on their input. To provide an “enhanced-information” treatment,
we carried out the same public-goods game but also provided
individuals with a detailed breakdown of how much each other
member of their group had contributed, received back from the
public good, and earned in that round (Table 1 and Fig. S1).
These three treatments allowed us to test whether prosocial

preferences are either necessary or sufficient to explain the
higher-than-expected level of cooperation in public-goods
games. In our black-box treatment, players could only learn the
payoff-maximizing strategy (contribute 0 MU) through trial and
error, and they did not even know that they were playing a game
with other individuals, let alone that their contributions had
beneficial consequences for others. Consequently, prosocial
preferences cannot be invoked to explain the data. In contrast, in
our enhanced-information treatment, players were still given the
same information about the game payoffs, but they were better
able to see that their cooperation was costly to themselves and
beneficial to others. The prosocial preferences hypothesis pre-
dicts that this should either not alter cooperation levels or lead to
relatively higher levels of cooperation. Furthermore, as an ex-
perimental control, we repeated all three of our above treat-
ments but with a higher benefit from contributing to the public
good, such that the strategy that would maximize financial gain
was to cooperate 100% (contribute 40 MU).

Results
In total, we had 16 sessions and used 236 participants, who all
played both the black-box game and then, or previously, also
participated in either the standard-information or the enhanced-
information public-goods game, which they were informed was a
separate experiment. Each treatment was played for 20 succes-
sive rounds. Overall, there was a significant difference in the mean
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level of cooperation among these three treatments [linear mixed
model (LMM): F2,13.2 = 4.0, P = 0.044]. The results below are on
all of the data; however, we find the same qualitative results when
analyzing the data from naïve participants only (SI Text; Figs. S2
and S3).

Variable Information. The level of cooperation over time was
strikingly similar for the black-box treatment and the standard-
information public-goods game. We found no significant differ-
ence in the mean level of cooperation between our standard-
information public-goods game and the black-box treatment,
with an overall mean of 9.8 MU (25%) in both [Fig. 1A; stepwise
deletion to minimum adequate model, deviance test: χ2(1) < 0.1,
P = 0.975]. In both treatments, the mean cooperation started in
the typical range of 15–20 MU (40–50%), although it was slightly
lower in the black-box treatment [χ2(1) = 7.4, P = 0.007]. By the
final round, the level of cooperation was not significantly dif-
ferent between these two treatments and had declined to 6.3 MU
[16%; χ2(1) < 0.1, P = 0.999]. Furthermore, in the final round of
play, the percentage of individuals who contributed fully was not
different across the two treatments, being ∼4% in both (Fisher’s
exact test: P = 0.580, Fig. S4).
In contrast, we found that when we gave individuals enhanced

information about the earnings made by other players, this led to
significantly lower cooperation than in the other treatments [Fig.
1A; χ2(1) = 6.1, P = 0.013; round one was excluded because the
difference between treatments is in the feedback given, and so
treatment effects will not operate until after round one]. In both
the standard- and enhanced-information treatments, individuals
started cooperating at the same intermediate level of 19.5 MU
[49%; χ2(1) < 0.1, P = 0.999]. However, when we gave in-
formation detailing other people’s earnings, this led to 32% less
cooperation in the 19 subsequent rounds (mean of 6.7 MU
versus 9.8 MU for standard information). This was driven by the
rate of cooperation in the enhanced-information treatment de-
clining approximately twice as fast in the opening rounds of the
game [χ2(1) = 7.2, P = 0.007; rate of decline in the first five
rounds, −1.2 and −2.5 MU per round for standard- and enhanced-
information treatments, respectively].
Our conclusions are robust to different forms of analysis. To

increase our statistical power, our above results here are on all of
the data pooled together. However, we reached the same qual-
itative conclusions when analyzing just the decisions from the
first game that each player played in the session (SI Text) and
using nonparametric Mann-Whitney U tests and Kolmogorov-
Smirnov tests (KS) to compare the individual decisions by
treatment in each time period (SI Text).

Profitable Controls. As an experimental control, we repeated all
three of our above treatments using the above participants and
counterbalancing treatment orders (Table S1) but with a higher
benefit from contributing to the public good such that the
strategy that would maximize financial gain would be to co-
operate 100% (40 MU) (17). This is necessary, because the
strategy that would maximize financial gain in a typical linear

public-goods game is to contribute 0 MU (0%), which means
that imperfect behavior and higher-than-expected cooperation
will be conflated, with both leading to >0% cooperation (17–19).
Specifically, we multiplied each contributed MU by 6.4 before
sharing them out equally, such that for each unit contributed
a player received 1.6 units back. The two conditions, costly and
profitable, were thus symmetrical with regard to the percentage
cost and benefit directly received by any contributing participant
(60% loss or 60% gain).
We found in our profitable public-goods game that providing

information about the earnings made by other players again led
to a lower mean level of cooperation [Fig. 1B; χ2(1) = 4.5, P =
0.034]. This was despite the fact that the initial level of co-
operation in round one did not differ significantly between the
standard-information and enhanced-information treatments
[∼25 MU, 63% of MU contributed; χ2(1) = 0.4, P = 0.511]. The
level of cooperation increased over the first five rounds in the
standard-information treatment (LMM: F1,7.3 = 7.6, P = 0.27),
but not in the enhanced-information treatment (LMM: F1,7.5 <
0.1, P = 0.923). Consequently, knowledge about the earnings of
others not only led to a lower level of cooperation [χ2(1) = 13.1, P <
0.001], but this effect was sufficient to prevent the contribution
from increasing from a starting point of ∼25 MU (63%) over the
course of the game.
Considering the black-box treatment, the initial level of co-

operation in round one was significantly lower [∼13 MU; χ2(1) =
34.42, P < 0.001] than in the other two treatments. After this, the
level of cooperation increased in the black-box treatment (LMM:
F1,25.2 = 61.4, P < 0.001) at a rate that did not differ significantly
from that of the standard-information treatment [χ2(1) = 2.6, P =
0.105]. As above, we reached the same qualitative conclusions
when analyzing our data with nonparametric tests (SI Text).
Overall, combining both the costly and profitable public-goods

games our results showed that an increased knowledge of the
consequences of cooperation for others leads to lower overall
levels of cooperation (Fig. 1; LMM: F1,14 = 6.4, P = 0.024), and
this does not depend on whether cooperation is costly or prof-
itable (LMM: F1,14 = 0.9, P = 0.364).

Discussion
We tested how cooperation varied in a public-goods game
depending on the information provided to players about the game.
We found that: (i) the level of cooperation did not differ between
a standard public-goods game and our black-box treatment, in
which players did not even know their choices affected others (Fig.
1A); and (ii) providing players with enhanced information about
the earnings of their groupmates led to lower levels of cooperation
(Fig. 1A), even when cooperation was directly profitable (Fig. 1B).
Furthermore, when we made 100% cooperation the income-
maximizing and prosocial strategy, we found that cooperation
failed to reach 100% in any treatment (Fig. 1B).

Prosocial Preferences and a New Null Hypothesis. Our results con-
tradict the predictions of the prosocial preferences hypothesis in
three ways. First, we found that the mean and final levels of

Table 1. Comparison of the different information contents in the postdecision feedback of the three treatments

Treatment
Own

decision
Knowledge of playing with

others
Decisions of others

(within-group)
Earnings of others
(within-group) Own earnings

Black box Yes No No No Yes
Standard

information*
Yes Yes Yes No Yes

Enhanced
information

Yes Yes Yes Yes Yes

*This is the same information as provided in ref. 3.
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cooperation did not differ significantly between our standard-
information public-goods game and our black-box game. The
participants in our black-box game did not know they were
interacting with others, or that their behavior could help others.
Instead, they only had information about their own payoffs to
learn from. Consequently, this shows similar levels of co-
operation, and a similar decline over time, when there was no
opportunity for prosocial preferences, and individuals were
presumably merely trying to maximize their personal financial
gain. Behavior in the standard-information public-goods game is
therefore consistent with uncertain individuals who are learning
the best way to maximize their personal financial gain and pro-
social preferences are not necessary to explain the results.
One way of conceptualizing our black-box treatment is that it

provides and tests a new experimental null hypothesis for behavior

in public good games. The null model is that participants enter the
game uncertain of what the best decision is to maximize their
earnings, and that they are largely indifferent to the welfare of
others and operate with a myopic regard for their own welfare
(20). Unsurprisingly, we observed that initial contributions were
intermediate, and that payoff-based learning led to an improve-
ment over time. The prosocial preferences hypothesis makes no
predictions about how people will play the black-box treatment.
However, the point here is that the lack of a significant difference
between behavior in our standard and black-box treatments shows
that behavior in the standard game is consistent with our null
hypothesis, shifting the burden of proof toward demonstrating
prosocial preferences directly.
Second, we found that an increased awareness of how co-

operation benefits others leads to a reduction in the level of

Fig. 1. Cooperation with different costs and different levels of information. Shown are the mean (± 95% confidence interval) cooperation levels for public-
goods games per time period of the game in which cooperation was either (A) directly costly (return to the individual from each unit invested in the public
good = 0.4, group return = 1.6) or (B) directly profitable (individual return = 1.6, group return = 6.4). We varied the information given to players such that
they were either playing a standard-information public-goods game in which they were informed about the payoff structure of the game and the decisions
of their group mates after each round (●), an enhanced-information public-goods game in which they were also informed of the earnings of their group
mates (○), or a black-box game in which they were not informed that they were playing a game with others or of the decisions or earnings of others (■). Each
game was played 20 times, with groups randomly recreated each time.
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cooperation. The prosocial preferences hypothesis would suggest
that increased information would either not influence or would
increase the level of cooperation. If players’ preferences are being
measured by the consequences for others resulting from their
decisions, then this assumes that they are aware of the effects of
their decisions. Therefore our increased information should have
no effect on contribution levels as it is only telling players what they
already know (2). Alternatively, if the players are perhaps incapable
of calculating the consequences of their behavior for others, but do
cooperate because of prosocial preferences, then this information
would lead to increased cooperation levels. Consequently, not only
do our results fail to provide experimental support for prosocial
preferences, they suggest the opposite: participants cooperate less
when they have clearer information about how their cooperation
benefits others. Instead, the observed pattern again supports the
null hypothesis, because the increased information always suggests
that contributions are costly and thus may influence uncertain
players to play correctly in the costly game and play incorrectly in
the profitable game (from an income-maximizing perspective).
Third, prosocial preferences cannot explain our result that, in our

profitable public-goods game treatments, the mean contributions
in all rounds remained substantially below 40 MU (100% co-
operation; Fig. 1B). The prosocial preferences hypothesis predicts
100% cooperation (40 MU) in this profitable game. Alterna-
tively, it might be argued that rational individuals prioritizing
within-group success could predict <100% cooperation in
profitable games (Fig. 1B). However this would require partic-
ipants to value their relative success within a temporary, tran-
sient group (we changed our group compositions randomly each
round) more than their relative success within the session or the
experiment as a whole (those who contribute more make more in
the session). The general point here is that because previous
experiments lacked appropriate controls for imperfect behavior,
any imperfect behavior would have led to a higher-than-expected
level of cooperation, and hence a biased conclusion.

Alternative Explanations. Could our results have been influenced
by the potential for reciprocity (16)? Our participants played for
20 rounds and thus could expect some repeated interactions.
However, this is likely to have had negligible influence for three
reasons. First, group formation was random and anonymous,
such that there was no potential for reputational consequences
and one could not predict when a repeated interaction would
occur. Second, there was the same amount of repeated interaction
in all treatments, and hence this could not explain the between-
treatment differences upon which we focus. Third, our data follow
the normal, stylized patterns of public-goods games, either with or
without repeated interactions, and it has been shown elsewhere
that with random group composition there was no significant in-
fluence of whether there could be some repeated interactions (21).
Could it be argued that the black-box treatment is sufficiently

similar to a social interaction to trigger any purported human
tendencies to altruistically help others, and that this explains
their pattern of monetary contributions? Such an explanation
could explain the previous result that people “cooperate” when
knowingly playing public-goods games with a computer (22).
However, our black-box game was deliberately devoid of all so-
cial cues and frames, and so it is harder to envisage how this
could have engaged social tendencies. Furthermore, if we accept
that people cooperate maladaptively with computers because of
hard-wired tendencies to be prosocial, then we would have to
apply the same logic to all cooperation in economic games. This
would mean that the cooperation observed in public-goods
games would be explained by hard-wired responses to evolu-
tionary factors such as the consequences of repeated interactions
and reputational concerns, even when these are removed by the
experimenter, and thus the prosocial preferences explanation for
costly cooperation with strangers is invalidated either way (15, 16).

Could it be argued that some form of social preference, such
as reciprocity or inequality aversion, can explain both the decline
in cooperation over time in costly public-goods games and the
lower cooperation in the enhanced-information treatment (Fig.
1A)? The idea here is that both of these mechanisms would place
a negative value on increased earnings by others, and increased
information would lead to individuals’ cooperating less to either
punish nonreciprocators or reduce the inequality (2, 23, 24).
However, these hypotheses are clearly falsified by the fact that in
our profitable control treatment the mean level of cooperation
increased over time, and from an intermediate start that is not
predicted by such preferences. Furthermore: (i) as described
above, our experiment was designed to minimize the potential
for reciprocity; (ii) as discussed in greater detail below, the in-
equality aversion hypothesis often implicitly assumes that indi-
viduals compute the financial consequences of their strategy
from the game structure—in this case, the enhanced-information
would provide no new insight, and so there should be no in-
fluence of enhanced-information (2); and (iii) our black-box
treatment shows that the assumption that the decay in public-
goods games is due to “punishing” others or reducing inequality
is not required, because this decline still occurs when participants
can only be responding to their payoffs (Fig. 1A).

Implications. Given that the prosocial preferences hypothesis
appears neither a necessary nor sufficient explanation, how can
we explain the higher-than-expected level of cooperation that is
often observed in economic games? The most parsimonious ex-
planation for our results is our null hypothesis presented above,
that (i) individuals are trying to maximize their financial gain, but
(ii) behavior is imperfect due to uncertainty or false beliefs, or
subject to some sort of noise, which could result from a variety of
factors, including errors, boredom, learning, exploration, fluc-
tuating preferences, or evolutionary constraints. This combina-
tion of factors can explain three results that are inconsistent with
prosocial preferences: (i) higher-than-expected levels of co-
operation were seen when the income-maximizing strategy was
to contribute zero (0%; Fig. 1A), but lower-than-expected levels
of cooperation were seen when the income-maximizing strategy
was to cooperate completely (100%; Fig. 1B) (17); (ii) the level
of cooperation in a standard-information public-goods game did
not differ significantly from that in a black-box game in which
individuals had no information about the consequences of their
behavior for others (Fig. 1A); and (iii) enhanced information
about the earnings of others, which suggests that contributions
are costly, led to lower, not higher, levels of cooperation re-
gardless of whether cooperation was costly or profitable (Fig. 1).
Although we have not directly tested the role of punishment, our
results suggest the possibility of analogous problems for work on
punishment, because this previous work has also assumed that
the higher-than-expected levels of cooperation were because of
prosocial preferences (3).
More generally, our results show how the complexity of human

behavior can lead to potentially misleading conclusions from
controlled laboratory settings. Even though there is evidence to
suggest that many people fail to fully understand public-goods
games (17, 22, 25), rational choice theory has been extended to
include prosocial preferences in a post hoc attempt to explain the
data (2, 8, 26): “Expanding the domain of preferences to include
the utility of others provides a coherent way to extend rational
choice theory” (ref. 26, abstract). Thus, the paradigm of proso-
cial preferences has been based on the assumption that people
act rationally (perfectly) in accord with their desires and the fi-
nancial consequences of their decisions (2, 8, 26). In the extreme,
it has been argued that “it is not necessary for subjects to be
informed about the final monetary payoffs of other subjects” and
that all that is required for relative payoffs to determine behavior
is knowledge of the game structure such that individuals can
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“compute the distributional implications” (ref. 2, footnote 6).
However, our results show that humans do not behave in such
a “robotlike” way and thus may not perfectly express their pref-
erences, especially when these preferences are “measured” by the
social consequences (relative payoffs) of their actions in one-shot
experimental games (6, 13, 15, 27, 28). Furthermore, the level of
cooperation observed is “irrationally” sensitive to parameters that
do not change the rational strategy to fully defect, such as group
size, group comparisons, and the presence of eyelike images (29–
33). Whereas such behavior can be beneficial in the real world (15,
16, 34), it can lead to seemingly irrational behavior in experi-
mental settings, where normally useful cues of success can be
misleading, and the influence of usually important factors has
been experimentally excluded. This does not mean that humans
lack a sense of fairness, but rather that it is most favored when it
provides a greater net benefit.

Methods
Participants and Sessions. A total of 236 voluntary participants (108 females,
111males, 17 unknown) took part in one session each. Each session lasted∼50–
60 min. We had 12 or 16 participants for each session (5 and 11 sessions,
respectively) and conducted all 16 sessions at the Centre for Experimental
Social Sciences (CESS) at Nuffield College, University of Oxford. CESS recruited
the participants using the Online Recruitment System for Economic Experi-
ments (35) and upon our request only recruited participants that had never
before participated in a public-goods experiment (at CESS). Although we did
not fully inform participants about the consequences of their decisions in the
black-box treatments, we did not lie to them, and the CESS ethical commit-
tee, which forbids deception in economic experiments, approved the exper-
iment. We programmed and conducted the experiment in z-Tree (36). The
decisions and responses of the participants were anonymous, as were their
earnings and payments, which were administered by the CESS administrators,
who were not directly involved in the experiments. In total, we gave each
participant a sum total endowment of £4.80 to allocate to either her private
account or her group account/black box. The mean monetary reward was
£12.40 and ranged from £6.20 to £15.50.

Different Treatments. An overview of the information we provided as
feedback during the treatments is shown in Fig. S1. From the participants’
points of view, they played two separate experiments (the black-box ex-
periment and the public-goods experiment), each of them under two con-
ditions for 20 times apiece. The two conditions were (i) cooperation is
directly costly and (ii) cooperation is directly profitable, although partic-
ipants were not necessarily aware of this distinction. The order of the
treatments was counterbalanced across sessions, but the two black-box
games (costly and profitable) were always the first two or the final two
games of the session. Within this constraint, we used all possible treatment
order permutations (n = 2 × 2 × 2 = 8) to produce an orthogonal experi-
mental design (Table S1).

Black-box experiment. All participants played the same two versions of the
black-box game. In short, we told the participants that they had received 40
virtual coins, worth real money, and that they had to decide to either keep
all 40 coins or to input a fraction (0–40 coins) of them into a “black box.”
They then read the following information (a full copy of the instructions is
given in SI Appendix): “This ‘black box’ performs a mathematical function
that converts the number of coins inputted into a number of coins to be
outputted. The function contains a random component, so if two people
were to put the same amount of coins into the ‘black box’ they would not
necessarily get the same output. The number outputted may be more or less
than the number you put in, but it will never be a negative number, so the
lowest outcome possible is to get 0 (zero) back. If you choose to input
0 (zero) coins, you may still get some back from the box.”

Wealso told themthat theywouldplay for 20 turns, receiving anew set of 40
coins each time, and that the most they could ever input was 40 coins. We also
explained that after their 20 turns they would start again with a new, po-
tentially different black box for another 20 turns. In addition,we explained that
their final income from each turn would be their initial 40 coins, minus their
input, plus all of the coins, if any, that they get back. The feedback we gave
them after each turn comprised four items: “initial coins” (i.e., their endow-
ment), “input” (i.e., their contribution), “output returned” (i.e., their returns
from the group project), and their final balance from that round (Fig. S1).

Statistical Analysis. Because the responses of participants within a session are
nonindependent we used themean level of contributions for each session per
time period to avoid pseudoreplication.We used LMMand fitted “session ID”
as a random factor to account for the repeated measures over time. When
comparing the mean levels of contributions for the whole treatment, we
excluded the first time period of each treatment. This was because the
treatment effect was not applied until after the first contributions had been
made, and thus any differences in the first time period could only be due to
chance. We compared the relative merit of different models by using max-
imum likelihood models and comparisons of the residual deviance. The
comparison is made with a χ2 difference test of the change in deviance
between models, with the degrees of freedom set by the difference in the
number of parameters between two nested models. Models are progressed
from the null model through to the maximal model, and vice versa (al-
though the order is unimportant with orthogonal experimental designs such
as ours), in search of the minimal adequate model (MAM). The MAM is the
model with the smallest residual deviance for a given level of parameters
and is identified on the basis of deletion/addition tests. These are χ2 tests
that assess the significance of the change in deviance that results when
a given term is removed/inserted. The MAM is the model that can no longer
be improved by the insertion of additional terms or factor levels (37).
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SI Results
Fig. S4 A and B shows the percentage of “free riders” and “co-
operators” over time for each treatment. Although Fig. S4A
shows that there were more extreme free riders (contributing
0 MU) in the public-goods games than in the black-box game,
this difference is no longer present when free riders are defined
as contributing 0–10 MU (0–25%). This pattern is largely be-
cause the participants playing the black-box game were less in-
clined to input 0 MU even when they had learned that low
contributions were most profitable.

Experienced vs. Naïve Participants. Fig. S2 reveals that there was no
difference in how participants played the costly black-box game
depending on whether their session had just played the public-
goods games beforehand or not [linear mixed model (LMM):
F1,14 = 0.1, P = 0.772]. None of the participants had ever par-
ticipated in a public-goods game at the CESS laboratory before
our experiment.
When only analyzing the data generated from participants who

were naïve with respect to the other game (i.e., those who if they
were playing the black-box game had never played the public-
goods game, and vice versa), we found results that were qualita-
tively similar to those in the main text (Fig. S3). Although with
these data our statistical power was reduced to just four sessions
each of the public-goods games (standard information and en-
hanced information) and eight sessions of the black-box game, we
still found a significant reduction in cooperation when participants
received the enhanced information compared with the standard
information (LMM: F1,6 = 8.3, P = 0.028) and compared with the
black-box game (LMM: F1,10 = 5.4, P = 0.043). In contrast, there
was no significant difference between the black-box game and the
standard-information treatment (LMM: F1,10 = 2.1, P = 0.177).

Nonparametric Tests. Still only using the data from participants
who were naïve about the other game, we also used nonparametric
Mann-Whitney U tests and Kolmogorov-Smirnov tests (KS) to
compare the individual decisions by treatment in each time period
and thus gain more statistical power. We found the same quali-
tative results as presented in the main text. These analyses further
confirmed the damaging effect of the enhanced information;
participants in the enhanced-information treatment were found to
be less cooperative than those given the standard information in
all 19 (18 KS) of the 19 rounds after round one. They also con-
firmed the similarity between the black-box and the standard-in-
formation treatments, which differed in only one (five KS) of the
19 repeated rounds. We can also confirm that this lack of differ-
ence was not due to a lack of statistical power to compare the two
games, because participants in the black-box treatment were sig-
nificantly more cooperative in 15 (12 KS) of the 19 rounds com-
pared with participants in the enhanced-information treatment.
We also used nonparametric tests for the profitable controls

and found the same qualitative results. These analyses again fur-
ther confirmed the damaging effect of the enhanced information;
players were found to be less cooperative than those given standard
information in 14 (14 KS) of the 19 rounds after round one.
However, participants in the black-box treatment were less co-
operative in 19 (19 KS) and 12 (13 KS) of the 19 rounds compared
with those who participated in the standard-information and the
enhanced-information treatments, respectively.

SI Discussion
The level of information in our standard and enhanced-in-
formation treatments is, although different, also equivocal. This is
because the information we present in the enhanced-information
game on the earnings of groupmates can be computed from the
distribution of decisions, which is presented in both treatments.
Consequently, the model of a rational but prosocial actor that has
been suggested would predict no difference in behavior between
these two treatments (1–3). In addition, any behavior that is
postulated to be a response to the decisions of a participant’s
groupmates should be equally predicted in both treatments and
therefore cannot explain the difference between our treatments.
For example, any reduction in cooperation in response to the
cooperation of others should be the same for the two treatments,
be it a postulated “social” response to “free riders” or a postu-
lated “antisocial” response to “high cooperators.” The equiva-
lence of our treatments also means that the fact that repeated
interactions were not entirely ruled out in our treatments should
not affect one treatment more or less than another, and any
qualitative comparisons still stand.
The focus of our study was a qualitative comparison of different

treatments. The results of economic games can be interpreted
with either a qualitative or a quantitative approach (4). The
qualitative approach examines differences in behavior between
treatments, which typically have different payoff structures for
the game that is being played, but may, as in our case, just be
“framed” differently. In contrast, the quantitative approach
compares the quantitative level of behavior within a specific
game or treatment with that predicted by theoretical models (5–
7). The deductions from this quantitative approach typically rely
on the implicit assumption that individuals are rational and fully
aware of all of the consequences (for themselves and for others)
of their decisions (2, 8). The quantitative approach can make no
predictions for a difference between our standard and enhanced-
information treatments.
This does not mean that psychological concerns and emotions

are not driving people’s responses to our games. Rather, it means
that to assume a set of a participant’s preferences based on the
payoff consequences of his or her decision for both him- or
herself and others is unlikely to be correct. For example, as
suggested by the comparison of our black-box and standard-in-
formation treatments, participants may only be trying to affect
their own payoffs, and their effect on others is a mere byproduct.
Alternatively, participants may be responding emotionally to the
payoffs of others, as in our enhanced-information treatment, but
not the decisions of others, even those these equate to the same
information. This is suggested by a comparison of our standard-
and enhanced-information treatments, in which case participants
can no longer be assumed to have been responding to the
earnings of others in the standard-information treatment, which
is the same level of information as presented in ref. 9.
In summary, if participants are responding to the decisions of

others, there should be no difference between our standard- and
enhanced-information treatments, whether costly or profitable.
Conversely, if participants are reacting to the presented in-
formation on payoffs in our enhanced-information treatment,
then previous explanations that assumed participants calculated
such earnings from the distribution of decisions and acted ac-
cordingly to reduce inequity are false.
Finally, it has been observed that people contribute more in

public-goods games when the benefit to others is increased. This is
because contributions are, on average over time, higher when the
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marginal per-capita return (MPCR) is higher (10). It might be
argued that this suggests higher cooperation when the benefits to
others are higher, implying a concern for others. However, this
pattern can also be explained by the fact that a higher MPCR
results in cooperation’s being cheaper, the losses incurred from
incorrect strategies (from an income-maximizing point of view)
being lesser, and the scope for learning over time being reduced.
Learning is impeded because as the MPCR tends toward 1.0, the
effect one’s contributions have on one’s own income diminishes,
and so payoffs are increasingly random with respect to one’s own
decisions.

SI Methods
Table S1 details the order of treatments by session. Fig. S1 shows
a graphical display of the different information we gave to our
participants per treatment. SI Appendix is a complete copy of the
black-box instructions.

SI Appendix
Black-Box Instructions. Participants received the following on-
screen instructions (in z-Tree) at the start of the Black Box game
and had to click an on-screen button saying “I confirm I un-
derstand the instructions” before the game would begin.
Instructions. Welcome to the experiment. You have been given 40
virtual coins. Each ‘coin’ is worth real money. You are going to
make a decision regarding the investment of these ‘coins’. This
decision may increase or decrease the number of ‘coins’ you
have. The more ‘coins’ you have at the end of the experiment,
the more money you will receive at the end.
During the experiment we shall not speak of £ Pounds or Pence

but rather of “Coins”. During the experiment your entire earn-
ings will be calculated in Coins. At the end of the experiment the
total amount of Coins you have earned will be converted to
Pence at the following rate: 100 Coins = 15 Pence. In total, each
person today will be given 3,200 coins (£4.80) with which to make
decisions over two economic experiments and their final totals,
which may go up or down, will depend on these decisions.

Decision. You can choose to keep your coins (in which case they
will be ‘banked’ into your private account, which you will receive
at the end of the experiment), or you can choose to put some or
all of them into a ‘black box’.
This ‘black box’ performs a mathematical function that con-

verts the number of coins inputted into a number of coins to be
outputted. The function contains a random component, so if two
people were to put the same amount of coins into the ‘black box’,
they would not necessarily get the same output. The number
outputted may be more or less than the number you put in, but it
will never be a negative number, so the lowest outcome possible
is to get 0 (zero) back. If you choose to input 0 (zero) coins, you
may still get some back from the box.
Any coins outputted will also be ‘banked’ and go into your

private account. So, your final income will be the initial 40 coins,
minus any you put into the ‘black box’, plus all of the coins you
get back from the ‘black box’.
You will play this game 20 times. Each time you will be given

a new set of 40 coins to use. Each game is separate but the ‘black
box’ remains the same. This means you cannot play with money
gained from previous turns, and the maximum you can ever put
into the ‘black box’ will be 40 coins. And you will never run out of
money to play with as you get a new set of coins for each go. The
mathematical function will not change over time, so it is the
same for all 20 turns. However, as the function contains a ran-
dom component, the output is not guaranteed to stay the same if
you put the same amount in each time.
After you have finished your 20 turns, you will play one further

series of 20 turns but with a new, and potentially different ‘black
box’. The two boxes may or may not have the same mathematical
function as each other, but the functions will always contain
a random component, and the functions will always remain the
same for the 20 turns. You will be told when the 20 turns are
finished and it is time to play with a new black box.
If you are unsure of the rules please hold up your hand and

a demonstrator will help you.
I confirm I understand the instructions.
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Fig. S1. (A) The postdecision feedback information that participants received in the black-box treatment. (B) The first feedback screen in both the standard-
and the enhanced-information treatments. (C) The second feedback screen, which differed between the two treatments (not shown in black-box treatment).
Dashed lines border the information that was only shown in the enhanced-information treatment.

Fig. S2. The mean contributions into the costly black box, both when the session of participants were either naïve to public-goods games (ppg naïve, gray
filled circles) or experienced in public-goods games (ppg experienced, black filled circles).
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Fig. S3. The mean contributions in the costly public-goods game for all three treatments when the participants had not played any versions of the other game
(black-box or public-goods game) beforehand (n = 4 for the standard-information and enhanced-information treatments and n = 8 for the black-box treatment).

Fig. S4. The percentage of “cooperators” and “free riders” over time for the three different treatments in the costly public-goods game (where the return to
the individual from each monetary unit invested in the public-good = 0.4 and the return to the group = 1.6). In A, “cooperators” are defined narrowly as those
that contributed 40 MU (100%) and “free riders” are defined narrowly as those that contributed 0 MU (0%). In B, “cooperators” are defined more broadly as
those that contributed 30–40 MU (75–100%) and “free riders” as those that contributed 0–10 MU (0–25%).
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Table S1. Experimental design detailing order of treatments for
each of the 16 sessions

Experiment 1 (2 x 20 rounds) Experiment 2 (2 x 20 rounds)

Treatment 1 Treatment 2 Treatment 3 Treatment 4

Black box (−) Black box (+) Standard (−) Standard (+)
Black box (+) Black box (−) Standard (+) Standard (−)
Black box (−) Black box (+) Enhanced (−) Enhanced (+)
Black box (+) Black box (−) Enhanced (+) Enhanced (−)
Black box (−) Black box (+) Standard (+) Standard (−)
Black box (+) Black box (−) Standard (−) Standard (+)
Black box (−) Black box (+) Enhanced (+) Enhanced (−)
Black box (+) Black box (−) Enhanced (−) Enhanced (+)
Standard (−) Standard (+) Black box (−) Black box (+)
Standard (+) Standard (−) Black box (−) Black box (+)
Standard (−) Standard (+) Black box (+) Black box (−)
Standard (+) Standard (−) Black box (+) Black box (−)
Enhanced (−) Enhanced (+) Black box (−) Black box (+)
Enhanced (+) Enhanced (−) Black box (−) Black box (+)
Enhanced (−) Enhanced (+) Black box (+) Black box (−)
Enhanced (+) Enhanced (−) Black box (+) Black box (−)

Each row corresponds to a unique session. The (−) refers to the costly
public-goods games and the (+) to the profitable versions.
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